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Different print-quality modes in a printer (56), 
such as a color Inkjet printer, invoke different 
color-rendering options for a particular object 
(41) to be printed - in a composite document 
having objects (41-43) of different types. In an 
exemplary embodiment a printer control auto- 
matically invokes an error-diffusion halftoning 
technique for photograph-like images (41) 
whenever a high-quality print mode is desig- 
nated, and automatically invokes a dither 
halftoning technique for photograph-like im- 
ages (41) whenever a normal or fast print mode 
is designated. 
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-Ess 5 rr^^s:.!': pre r ~ i - - 

(N2990), European patent application no European patent application no. 

08/188.61 8. US patent application Serial No. 08/57 244 and US oJHS^i patent a PP ,ica «°n serial no. 
The use of color monitors for computers has mnZLZEi i P^ent appl .cation Serial No. 08/60.285. 
» satisfactory printout of what is ^^^s^n^o^T^ ^ P * lM Whlch 030 P roduce ■ 
of color. Color is a sensation produced by £^E£E£2J ^ the SUbj6Ctive nature 

- caor^ 

while color printers such as inkje't prinZa^ty^.v baseS StS"*"'* ^ a " d b ' Ue p * e,s < RGB > 
black (CMYK). The RGB color components of e mo^ «~ " ^ magenta ' ye,,OW and 

by mixing red. green and blue light rays to f^S variT^ff^T^ 30 " 3dditive " wa * 

of color inks are applied to media in different^ m h?n=; • d,fferent co,ors . while the CMYK components 
« different colors. A number oJSE^*«2 ESSSSSS V ^ ^ to 3 Second ^ of 

form of matching between the colors ^TSSSSTSST Z***" ^ °° 0nier to provide «>™ 
using a given lnkformula on , prt^t^S^TKSSSl 3 C °' 0rS by 3 Specif fc P rinter 

out and lose their impact By skewing the printer cX outou'ta^n* T? dOCUm6nt ° ften 3ppear washed 
vMd colors for business graphics, the phoSraphSma^ 
' . Some of the aforementioned c^JZ^p^^Z^T 6 1°?™" '° SeS " S " fe,ike a PP a arance. 
™ ,ad Printersettingstogetmebes^ 
matching between screen and printout have 

corporated in the computer operating system as wdl a J coS™ thr ° U9h ^ mana 9ement software in- 
party software applications. Also. some^oT SteWna teclZ TT"* inco «Porated into third 

which provide the translation interface beTweeTa S ™^, T incorporated into Printer drivers 
the computer and a color Printer which act^ aPP ' iCati ° n ""*» * 

The present invention seeks to provide an impmved printing system' 
Print^rSrari 4 " PrSSent ^ * P-K method of centring the gua^y of 

cia) Accords to another aspect of the present invention, there is pmvided a printing system as specify in 

ticular object to be Printed WheSXm^^ T** renderin9 °P tions for a P^ 

a halftone technique such as erroVtfKo ^Sphoto^meo^ h 8 ^' ' P ** r 00nW auto ™tically invokes 
and automatically invokes a second haJ^ 

normal or fast is designated. technique such as a dither whenever other print modes such as 

the steps of providing a plurality of Si^?22ES£2 ^ * ""'"^ S3W method °° m ^ 
d.fferent object types any of which may Z^S^SS!^ "T^ - * 6,stin ^ s ^9 a plurality of 
particular given object of a particular Jiven one ZZl^l^T^ distina "ishing at least one 

modes, to be used in printing; in response to said ^SEn^^T^ ° f ° f 3 P ' Ura,ity ° f print 
des,gnated print mode for use in printing- for orinlo S Pmg Step ' auto ™*«"y selecting said 

one type, either: invoking a first Prints^ object of said particulargiven 

alternately invoking a second print-rendering ^optSisaid o^S » k be printed in a first print mode; or 
then automatically ren dering and printing. SXicheverof Sj ? 3 SeC °" d pdnt mode ' and 

nahonwasdevelopedinthedesignation^^ 



EP 0 665 677 A2 



given object of said particular given one type using the corresponding first or second invoked rendering option, 
respectively. 

Preferably, for automatic interactive use by a human operator, said designation-developing step comprises 
receiving from such human operator a manually entered designation of printing mode for at least said particular 
given object of said particular given type; such human operator manually enters designation of said first or 
second printing mode, respectively, for at least said particular given object of said particular given type; and 
said automatically-invoking step, and said automatically-rendering-and-printing step, proceed in accordance 
with said manually entered designation, using said manually designated first or second print mode and corre- 
sponding first or second automatically-invoked rendering option, respectively. 

Advantageously, said designation-developing step comprises developing a designation of a print mode for 
use in printing such entire composite document; said automatically-selecting step comprises automatically se- 
lecting, for use in printing such entire composite document, said print mode whose designation has been de- 
veloped in the designation-developing step; and said automatically-rendering-and-printing step comprises au- 
tomatically rendering and printing such entire composite document using said designated print mode, including 
rendering and printing said one particular given object of said particular given one type using. said designated 
print mode and using the corresponding automatically-invoked rendering option. 

For automatic interactive use by a human operator said designation-developing step preferably comprises 
receiving from such human operator a manually entered designation of a printing mode for such entire com- 
posite document; and such human operator manually enters designation of a printing mode for such entire com- 
posite document; and said automatically-rendering-and-printing step comprises automatically rendering and 
printing said one particular given object of said particular given one type using said operator-manually-desig- 
nated print mode, and using the corresponding automatically-invoked rendering option. 

In a preferred method, said first-option-invoking step comprises automatically invoking the first print- 
rendering option if said first print mode is designated in the designation-developing step; and said second-op- 
tion-alternatively-invoking step comprises automatically invoking the second print-rendering option if said sec- 
ond print mode is designated in the designation-developing step. 

Preferably, said first print mode is a high-quality print mode, and said second print mode has a higher 
throughput than said first print mode. 

The invoking step and said alternatively-invoking step may automatically occur when a photo image object 
is to be printed. 

There may be provided the step of automatically invoking another print-rendering option if an object dif- 
ferent from said one type of object is to be printed. 

The automatically-invoking step may invoke one type of halftoning technique; and said alternatively- in- 
voking step may invoke a different type of halftoning technique. 

The invoking step or said alternatively-invoking step preferably occurs automatically whenever said first 
or second print mode is designated, respectively. 

The invoking step may invoke an error-diffusion halftoning technique; and said alternatively-invoking step 
may invoke a dither halftoning technique. 

The providing step includes providing a color printing system having different print modes. 

Advantageously, said providing step may include providing a color inkjet printing system. 

In an embodiment, said alternatively-invoking step includes invoking a second print-rendering option for 
said one type of object to be printed in a second as well as a third print mode. 

According to another aspect of the present invention, there is provided a printing system for printing a com- 
posite document having a plurality of objects of different object types; said system comprising a color printer 
for printing such a composite document with a plurality of objects of different object types; printer-control 
means including a user interface operatively coupled to said printer for giving a user an option of selecting a 
print mode from at least two different print modes; and color-management means, connected to said color prin- 
ter and said printer-control means, for invoking different print-rendering options for an object of at least one 
certain object type whenever one or the other of said at least two different print modes, respectively, is selected. 

Preferably, said color-management means automatically invoke said different print-rendering options. 

Advantageously, said different print-rendering options include two different halftone techniques. 

The different print- rendering options may include an error-diffusion technique and a dither technique. 

The certain object may constitute a photograph- 1 ike image. 

According to another aspect of the present invention, there is provided a color inkjet printing system com- 
prising a host computer having a monitor screen; print-driver software operating in the computer; a color inkjet 
printer coupled to the print-driver software operating in the computer; a user interface connected to said color 
inkjet printer including options for selecting any of a plurality of print modes; and color-management means 
interconnected with said color inkjet printer, with said print driver and with said user interface for automatically 
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moT ' ^ Print - renderin 9 option with °" e ^ mode, and a second print-rendering option with 

nrin^nf w « b ' y * f u / 3 " d Se °° nd P rint - rend ering options are different from each other and are invoked for 
pnnting different objects of the same object type. mvonea ror 

ages The ^ SeC °" d print - renderin 9 ^ns are preferably invoked for printing color photograph-like im- 
togrlph-like fmaSr ^ and • e00nd Pandering options are halftoning techniques for printing pho- 

i * S Wi ". b ! ap P are , nt > ft is P° ssible to Provide a plurality of different selectable print modes It is also possible 
1J ST A P ' Ura ^ d,fferent °*« «»" an * o^hich may be in such composite documertThrsteP 
.^hh v S " 19U,Shi " 9 3t ,6aSt ° nS PartiCU ' ar 9iven ob J' ect of a P articul ^ given one type ' 
on. nf TT°V < m 06 ° f Preferred embodiments ""ay include the steps of developing a designation of 

Z2££i V , .- Pnnt m0deS> t0 bS US6d Printin9: and ' in res P° nse to designaL-devefS step 
automatically selecting the designated print mode for use in printing developing step, 

for a7oWe2 d o e rH!f!!r entS ° f f ^"l!" 9 SySt6m inC ' Ude meanS f ° r invokin 9 different Print-rendering options 
highquXT^ 

vS t Z Z^l 1 7t V I P ^ " and y6t ° btain P hot °-P"ntout results which are likely to be in accordance 
withthe chores wh.ch soph.sticated and concerned users wou.d make in ail but a tiny fraction of pSng pS 

th* l^Zl Z im P or tont benefit since the character and significance of the concept of halftoning as well as 
and^dS ll Ch ? ,Ce J etWaen ha,ft ° nin9 m0d6S » is ' for near| y a » ««' - an exceedingly £££ mtZ 

entered rsionSon^ dasi9na « on ; develo P'n9 ^tep include receiving from the human operator a manually 
21 T f 9 Pmt,n9 m ° de f ° r at l6aSt the Particular given object of the particular given type Thus 

the op^tor can manually enter designation of the first or second printing mode. rLpeSvely r^easUhe 

ZZSZ*"? ° b,eC l° f 9iVSn tyP6: a0d the auto ™«cal.y-invokings 

SS^r^ h J a< ^ rdanCe ^ th8t deSi9nati0 " - USi " 9 the manual * d esignat^ S 
P^ferablv ^^"T^ . " SeCO " d automat ^»y-invoked rendering option, respectively, 
tir* ™ ? y ? Agnation-developing step a designation of print mode is developed for printing the en- 
onntZT 3 , 1 0 *™"* . thS au tomatica.ly- S electing step then includes automatically select^ £ use Un 
na«in 9 i . < * m P? lto docume "t. the print mode whose designation has been developed m the desig- 
SSJSS^^ 71 " aut ° ma t ica,| y--n da "ng-and-printing step then includes automatically rendering 
th >Z part icu. ar rrr°? S r ^T" 4 USi " 9 ^ Pdnt m0de " indudina renderin 9 a " d Panting 

1^3^^^ ^ USm9 ^ deSi9nat6d Pri " tm0de and thS responding au'toma?- 

«n Jr^ 13 h 6rCaSe 39ain " iS Preferred th3t the desfa nation applicable to the entire document be manually 

In Jheme^T," TT? ° Ut ' ined ""^ ~ OPeratiVely interaCtin9 With the com ^r system " 
the f orT ^ ' S alS ° Preferred that the "^-option-invoking step include automatically invoking 

he/p^f^^^^ 

P^nt re^no o^ St6p inC,ude Somatically invoking the second 

I f SeC ° nd P " nt m0dS iS des, '9"ated in the designation-developing step 
throu^hpuT fhf, ef rV P " n lT de be a hi 9 h - aualit y Print mode, and the second print mode have a higher 
mSr,^ Pa : tiCU ' arly Prefer th3t th6 inVOki " 9 and ^natively-invoking steps auto- 

TomSZl^Z7nZ^ ' ma9 f ( ° r aqu,va,ent ) <**** is to be printed; it is preferred that the system au- 
PriStodT pnnt-rendenng option if an object different from the one type of object is to be 

♦h=,,!U hen tf l 6 f irSt Plint m ° de iS 3 hi 9Muality mode and the second has a higher throughput we also prefer 
colorana^^ 

ac^: P ::y^ ra wi^ 

? ' ' oa a ot IOCk dia9ram showi n9 a preferred embodiment of a computer system- 
Pigs. 2A. 2B. 3A and 3B are a flow chart showing how automatic and manual options in the system of Fig. 
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1 are used to produce a color printout of a composite document; 

Figs. 4 and 5 show a sequence of interactive computer screens generated during the process of Figs. 2A, 
2B f 3Aand3B; 

FIG. 6 is a schematic block diagram for producing color photo printouts in accordance with the preferred 
5 embodiment of FIG. 1 ; 

FIG. 7 is a halftone flow chart for the preferred embodiment of FIG. 1; 
FIG. 8 is a color control flow chart for the preferred embodiment of FIG. 1; 

FIG. 9 is a functional block diagram showing the relationship of color control and halftoning in processing 
and printing photographic images; 
10 FIG. 1 0 is a schematic diagram showing the different color gamuts of visible light, a computer screen, and 

a printer which are used in the color control flow chart of FIG, 8; and . 
FIGS. 11 and 12 show a typical color inkjet printer. 

Generally speaking, the described embodiment can provide improved print quality for composite docu- 
ments which have different types of objects to be printed in the same document and in many instances on the 
is same page. In an exemplary printer system as illustrated In the drawings, one or more different types of color 
objects 41-43 (Fig. 2) are identified and flagged 54 (Fig. 3); a preferred rendering option, such as halftoning, 
and/or color matching is selected for each one of such different color-object types; and then the document is 
printed in accordance with the rendering and color-control options selected for each of such different color- 
object types. 

20 The color inkjet system of the preferred embodiment includes a printer 56 (Figs. 1 and 3) coupled through 

a printer driver 32 to applications (or operating-system) software 31 running in a host computer 44. A set of 
default halftoning techniques and default color-matching maps is incorporated in the printer system for auto- 
matic invocation whenever objects of respective particular color-object types are to be printed in the absence 
of user selections. 

25 It is possible to provide either automatic or manual implementation of various color-control and rendering 

options. For example, in the color inkjet system shown an interactive user interface allows a choice between 
one-"button" 62 automatic control 53A of color output or multibutton control 63-99 of color output, with both 
automatic and manual options providing independent control for color halftoning 90 and for color correction 
81 based on the types of objects to be printed. The preferred form allows separate print-control options for 

30 text 43 , graphics 42 and photo (or photograph-like) images 41 . 

Different print-quality modes 65 in the printer invoke 11, 12 different print-rendering options 21, 22 for a 
particular object to be printed. In the exemplary embodiment, a printer control 65 automatically invokes an er- 
ror-diffusion halftoning technique 22 for photo images 41 whenever a high-quality mode 65 is designated, and 
automatically invokes a dither halftoning technique 21 for photo images 41 whenever a normal 67 or fast 68 

35 print mode is designated. 

It is important to note that the location of the color-management functionality is somewhat flexible within 
the printer system. Such functionality in the presently preferred version of the invention is primarily in the printer 
driver 32, but it could be implemented in the printer driver and/or printer 56 firmware - and/or even in the printer 
56 hardware (e. q. .custom integrated circuits, etc.). 

40 The preferred embodiment is incorporated iq an inkjet printer of the type shown in Fig. 11. In particular, 

inkjet printer 110 includes an input tray 112 containing sheets of a printing medium 114, which pass through a 
print zone and are fed past an exit 118 into an output tray 116. 

As seen in Figs. 11 and 12, a movable carriage 120 holds print cartridges 122, 124, 126 and 128 - which 
in turn respectively hold yellow (Y), magenta (M), cyan (C) and black (K) inks. The front of the carriage has a 

45 support bumper 1 30, which rides along a guide 1 32; while the back of the carriage has multiple bushings such 
as 134, which ride along a slide rod 136. 

The position of the carriage as it travels back and forth across the medium is determined from an encoder 
strip 1 38. This position information is used to selectively fire the various ink nozzles on each print cartridge at 
the appropriate times during each carriage scan. 

so Referring next to Figure 1 , there is shown in schematic form an embodiment of computer system for pro- 

ducing and printing documents in colour. The system includes a computer 44 provided with a colour monitor 
45, a user interface 60-99 of any convenient form, and a colour printer driver 32 operative to drive the printer 
56 to produce documents 57 in colour. The computer 31 is driven by appropriate software applications 31. 
The printer driver 32 provides in blocks 54 for the identification of the object type of document objects, 

55 that is whether they are photographs, drawings or text. Once the object type or types have been identified, 
the driver flags the objects with their object type at block 54. 

At blocks 53/55, the printer driver 32 provides halftone programs, colour maps, setting of lightness, for col- 
our screen calibration and necessary and desired media information. These blocks can provide either auto- 

■ 
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also for the text 43 specf y.ng colours for the graph.cs, in this example a pie-chart 42, and 

80 is°s P hownT n JSiTSX^ ^ 62 and throu 9" the manual option menu 

54A. receives t^Z^X^^o ^Z^T h ^ deS ' 9ned ' th ° printer dr ^ at ste P 
up the page and tags these accoZg,y " n ^eSS^S^^?^ *" e ' ementS MWn8 
a pie chart a title in colour and text in black ' P 9 ' nC,UdeS fOUr 6lements ' a P hoto 9raph. 

our maptoe^ch SSSTSSi f ^ ^ 34 Stef> 55A ' th6 SyStem ass * ns the Halftoning and co.- 

timuT printed ve^oTo^^^ adjUSt the Pri " ter SO as to ^u!e the op- 

manner as XS^£^S^Si £ T" 9 " P ^ W "* ^ « St6p 548 h similar 
justed page. P Pnntin ° at Step 578 to produce a P rinted P*9* equivalent to the ad- 

to t^a^^Z^T^Z^T^ 'T' 3 ^ menU «<> F^-e 4. prior 

options. Figure JSST^iSS^'^ T * Printing menu P rovidin 9 va ^us printing 

when ,h. dnve, i te ^^^SpKCE? ' m ° < "" ed " " " Dla, °° 60 

As shown inFtg. 5, the user options presented in the drhrer-s Manual Colo, Optlor*' sereen 80 nr. divided 
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into two categories. The first category 81 -93 contains the settings labeled "Printed Color Control" 81 and "Half- 
toning" 90. These options can be selected on an object-by-object 41-43 basis; the object types in this case 
are text 85, graphics 86 and photos — or photo-like images — 87. 

5 Table 1: 



LIGHTNESS SLIDER settings and functions 


Color Control 


y value for indicated slider setting 


lightest 


lighter 


normal 


darker 


darkest 


Accurate Match 


0.5 


0.7 


1.0 


1.2 


- ,1.4 


Clear and Vibrant 


0.5 


0.7 


1.0 


1.2 


1.4 


No Adjustment 


0.3 


0.4 


0.6 


0.8 


1.0 



In other words, the Printed Color Control 81 can be set for text 85 to a mode that is different from the mode 
or modes selected for graphics 86 and for photographic images or the like 87. The Halftoning method 90 too 
can be different for the three different types of objects 85-87. 

The second category 96, 97 contains the "Lightness" slider 96 and the "Lookup-Table Colors" (e. g. ,"Pan- 
tone colors") mode control 97. In the preferred embodiment these options can be set only on a job-by-job basis. 
This means that the Lightness 96 and Lookup-Table mode 97 act upon the entire job regardless of what types 
of objects are in each job (or on each page of the job). 

The driver adjusts the incoming red, green and blue (RGB) data by applying a "gamma" (contrast function) 
correction to produce adjusted RGB data as indicated in Table 1. 

In configuring the preferred embodiment, the color transfer functions of both the DJ 1200C and the PJ 
XL300 were characterized to create a lookup (e. g. t Pantone® Color) table to be incorporated into the driver. 
When this mode is selected, the driver checks all incoming RGB values against the key values provided by 
the lockup table. If there is an exact match, then the driver maps (i. e. , translates) the incoming RGB value 
into the correct (as discerned by Pantone) RGB value to send to the printer - to produce the closest approx- 
imation of the Pantone color selected. 
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Halftone 


Color-Control setting 




setting 


Clear and 
Vivid 


Accurate 
Match 


No 

Adjustment 


key 


Scatter 


HMS color man 

(#1) 


nwwuta be map 

(#3) 


RGB 
pass -through 


^color 
"map" 




HPL noise 


HPL noise 


HPL noise 


^half- 
toning 




HMS color map 
(#2) 


Accurate map 
(#9) 


RGB 

pass -through 


^color 
"map" 




Current 
Cluster 
dither 


Current 
Cluster 
dither 


Current 
Cluster 
dither 


^half- 
toning 


Pattern 


HMS color map 
(#3) 


Accurate map 
(#10) 


RGB 
pass-through 


^color 
"map" 




Current 
Bayer 
dither 


Current 
Bayer 
dither 


Current | 
Bayer 1 
dither j 


Jialf- 
toning 



x^o^ 

up-Table Colors- (^SeoSSS^ST^ embodiment . » » user attempts to select the "Look- 
warning message appears: ' ^ a PP r °P riate *»» W of medium is not selected, a 

Dialog- screen display 80 of Fig 5 Shown ,n the ™«»ual ColorOptions 

«. sssfflaai^^ r so - c r " ca,ibration - «* a - - 

for an "Accurate Screen MatcTmooT aSS6mble a " d Store 14 new ma P s 
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Table 3: PRINTED COLOR CONTROL/HALFTONING selections 
for PHOTOGRAPHIC images 



5 


Halftone 


Color-Control setting 






setting 


Clear and 
Vivid 


Accurate 
Match 


Mo 

Adjustment 


key 


10 


Scatter 


HMS color map 
(#4, 5) 


Accurate map 
(#8, 11) 


RGB 
pass -through 


^color 
"""map" 


15 




HPL noise 
with CV 
or CMYK 

Err- Diff. 


HPL noise 
with CV 
or CMYK 

Err- Diff. 


HPL noise 
with CV 
or CMYK 

Err. Diff. 


Jialf- 
^toning 




Cluster 


HMS color map 
(#6) 


Accurate map 
(#9) 


RGB 
pass- thro ugh 


^color 
"""map" 


20 


Current 
Cluster 
dither 


Current 
Cluster 
dither 


Current 
Cluster 
dither 


^half- 
toning 


25 


Pattern 


HMS color map 
(#7) 


Accurate map 
(#10) 


RGB 
pass-through 


color 
^■■map" 


30 


Current 
Bayer 
dither 


Current 
Bayer 
dither 


Current 
Bayer 
dither 


Jialf- 
toning 



Tables 2 and 3 show the types of color matching (or "mapping" 82-84) and halftoning 21-27, 91, 92 (Figs, 
6 through 9) that are implemented in the driver 32 for the various user-selectable options or settings in this 
35 user-interface dialog 80. Following are definitions of the table entries. 

"HMS type color map" 82 (Fig. 9) -- This is a color-correction relationship used to boost the vibrancy of 
the hue associated with an input or given RGB value, as indicated by the designation "Vivid Color" in Figs. 6 
through 9. 

"Accurate color map" 83 - This is an alternative relationship created when a user calibrates the monitor 
40 with screen calibration 99 (that is, using the "Calibration" utility 14 mentioned above) in order to get printed 
output 57 that matches what is on the user's screen 45. This map 83 is then called up if the user actuates 81 
(Fig. 6) the "Match Screen" selection 83 of Fig. 5. 

" No Adjustment" 84 — With this setting the driver 32 does not do any processing of incoming RGB data. 
This is the mode an operator may use to control exactly the RGB values that are sent to the printer 56. 
45 "HPL Noise with CV" 21 (Figs. 6, 7 and 9) - This "Halftoning" 90 option utilizes a 128x128-byte so-called 

"Noise dither" matrix 27, along with conversion 25 of RGB data into "Color Vector" ("CV") data. This option 
provides quality closer to that of "Error Diffusion" (see below), with about the speed of normal dithering 91, 
92. 

This option is invoked in the "Fast" 68 or "Normal" 67 printing mode when "Scatter" halftoning is selected. 
50 "HPL Noise" halftoning 93 is disclosed in the above-mentioned copending applications Serial 57,244 and 
60,285; and "HPL Noise with CV" 21 is disclosed in European patent applications No. 
(N2990) and (N2991), filed concurrently with this document. 

"CMY-K Err Diff" 22 - This "Halftoning" option utilizes a CMYK (cyan-magenta-yellow- black) "Error Dif- 
fusion" algorithm. This provides the highest-quality output (for photograph-like images only), but is the slowest 
55 halftoning method. 

It is used when the system is set to its "High Quality" printing mode 65 and "Scatter" halftoning 93 is se- 
lected. CMYK Error Diffusion 22 is disclosed in European patent application no. 
(N2989), filed concurrently herewith. 
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PrfnSSS^^ earner DJ 1 200C and PJ XL300 

^TentBa^dJt^ - This Is th7same ^SSJST J?*? ^ def inition for text and 9 ra P hi <*- 
XL300 printers - again £se ^ JnTluenciTv Z l " 92 that iS in ear,ier DJ ^OC and PJ 

as Ouster dither^^^^^^^ 

inste^o^^ 

driver on 2 disks to accomodate this ^ Ther6f ° re ' th ° decision has been *> ship the 

Figure 7 shows a prising Z^Z^ SPeC ' f ' C description of the steps shown, 

process is to determine' the e.eme for ^^cSZi^T °I f** St6p h the 

along specific paths to set the halftone noise ^dftLr ctster Ihtr T Z >** ^ processin 9 continues 
tified object. In the case of photograph he ISS^SS^Sl "** approp * ate for ** Men- 

fast, normal and high quality TheTrious sVens^n Si I ° f^"* 0 " ° f three different ? rint "««tes: 
further explanation herein. P f '° W Chart W '" be apparent to the skilled person without 

to the skilled person. P determ.ned object type. The flow chart will be self-explanatory 

embodiments is the ^efeul since ^Zl^ .T^ ° V Noise " or "Special Dither". In the preferred 
ternjforrasterimages 

videseven better puamy but withaS^ 
Itye^CttomaS;^ 

tings setects CV Nofeel" selects CMYK ErrorD.ffus.on 22. whereas each of the Fast 68 and Norma. 68 set- 

3. *™e^ *» represented in Tables 2 and 

a significant increase in the number ^^ ^1^^ ™ S is 

As Fig. 9 shows, the input to the entire s«temlw!J o' a cotor-pnnter dnver. relative to the prior art. 
sent to the printer. Thesteos inv^vL »~ twenty-four-brt RGB, and the output is three-bit RGB 

mapping the coter ^Z^Z^^Z^LZ^ « ™* a " d 

In the case of Noise Dither 21 oreamhl^ h ^ ■' 9 °' n9 °" to halftoni "9 methods. 

RGB values to CV space a Js^ COnversion 25 <* *° second twenty-four-bit 

Forauster 91. Pattern 92^ 

space. "for u,rrus.on 22, the prefeired embod.ment performs the halftoning in RGB 
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Table 4: Assignment of rendition functions 
for object types 



Type 


Rendering 
location 




All Text 


Printer 


All Graphics Objects 


1-, 4-, 
and 8-bit 
photo- 
like 
images 


Cluster or Pattern 
Halftoning 


Scatter 
Half- 
Toning 


Noise 


Windows 
Driver 


Normal/Fast 


Err. Diff. 


High Quality 


All 24-bit photo-like images 



20 

The color-matching portion of the color path is always done in the driver 32. The CV processing and half- 
toning 21-27, 91-93 are done either in the driver 32 or in the printer 56, depending on the type 41-43 of object 
being rendered. 

25 Table 4 shows where objects of different types are rendered. All objects that are not already rendered in 

the application 31 (which is to say, most objects) are either rendered in the Windows driver or in the printer 56 
firmware. 

For objects that are to be rendered in the printer 56, color processing is first done in the driver 32 — this 
encompasses the Color Matching 81, Lightness slider 96, and Lookup-Table (Pantone) Colors 97 settings. 

30 Then the object is sent from the Windows driver to the printer with associated twenty-four-bit final RGB values. 

Based on the user's halftoning selections 90 in the user interface 80 — or on the automatic halftoning in- 
vocations 93 etc. based on the user's mode selections 65-68 — a command is also sent to the printer 5o to set 
the appropriate rendering mode 21/22/91/92 in the printer. The printer firmware 56 is then responsible for ren- 
dering all the objects and, in some cases, for scaling raster images. 

35 As Table 4 indicates, the only objects that are rendered in the Windows driver are photograph-like images 

that use the Scatter halftoning 93, and all 24-bit photo-like images. The reason the Scatter halftoning 93 is 
rendered in the driver is that not all printers support the Scatter mode 93; and the only way to support both 
Error Diffusion 22 and Noise dither 21 on all printers is to provide them in the driver. 

The twenty-four-bit images are rendered in the driver regardless of the halftoning mode in order to mini- 

40 mize the amount of data sent over the printer interface. Each twenty-four-bit RGB pixel is ordinarily half toned 
down to three bits per pixel, which inherently provides an eight-to-one compression — in addition to the printer- 
command-line compression on those three-bit pixels. 

It will thus be appreciated from the foregoing description that many improvements can be provided. In the 
past users have only had limited control in the selection of rendering options and color-correction options. That 

45 is, they have been limited to choosing one particular rendering option and/or one particular color-correction 
option for an entire document 

With the preferred embodiments, on one hand it is possible for a sophisticated user to select an indepen- 
dent rendering option and independent color-correction option for each type of object (e. g. ,text, business 
graphics, and photographic images). For example, in the printer-driver dialog screens shown in the drawings, 

so a user can select a Scatter 93 halftone for photographic images, a Pattern 92 halftone for business graphics, 
and a Cluster 91 halftone for text 

In addition, color-correction options can be chosen for each object type independently of the halftoning 
method. This independent control of halftoning and color correction for each object gives the sophisticated user 
a multitude of options and thus very fine control of the quality and appearance of the printed output. 

55 On the other hand, for hurried or unsophisticated users — or those preparing material in which color quality 

is not crucial — there is the ability to render and color-correct objects based on their respective types, with 
defaults and a minimum of decision-making (e. g. f selection of "Fast" 68 and "Automatic Color* 62). Hence it 
is possible to preselect halftoning and color-correction options that are normally the best for each object type 
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P™tmodes;automat^^ 

a designation of at least one of a nl„r»iif„ «r I • T 1 J (41_43) ,n sa,d docu ™ent; developing 

Print mode; in respS of £2S£2^^^ T^" 86 tha ™ to Se,eCti " 9 Said desi 9" ated 
tinguished ol^Ki^Sh?!S SE^S? " "* ° Pt, '° n if Said dis ' 

distinguished object is to be prfnted in allS n° f "T^ 9 a second P rint ^"dering option if said 

denng op'tion «nc^.^" d SSit2^^ of a photographic type; said third print ren- 
ing a dither half-toning technTque 9 hmqUe ' ~" S6C ° nd Pnnt renderin 9 °P tfon ind " d - 

A method according to any preceding claim, wherein the print mode is selectable manually 

mt «££££^£££gz EST? Tf teas * fka • nd seco " d dl,, " e " t 
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10. A printing system according to any one of claims 7 to 9 f wherein said first and second print rendering op- 
tions are half-toning techniques for printing objects of photographic type. 
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